ABSTRACT
Regional gravity and magnetic surveys covering about 500 square kilometers have been done in the Tatun volcano group area, northern Taiwan. Major geologic features in the surveyed area and its vicinity are the Chinshan fault, Hsinchung fault and the Kanchiao fault. Rocks occur as andesitic lavas and pyroclastics ranging in age from the late Pliocene to the early or middle Pleistocene (Juang and Bellon, 1984) .
The geology and geophysics of the Tatun volcanic groups have been extensively studied (Ogasawara and Ooe, 1932; Torii, 1936; Yen and Chen, 1953; Sun and Hsieh, 1957; Chen and Wu, 1971; Yen et al., 1984; Lee et al.,1985; Wu et al., 1981 Wu et al., , 1983 Juang and Bellon, 1984; and Tzou and Yu, 1987 ). Tzou and Yu interpreted the gravity data by using upward continuation and direct modeling methods and obtained some conclusions. However, the lack of data in the central part of the surveyed area (i.e., in the vicinity of the Chutzushan region) due to the Armed Forces prohabition on such a survey left the results incomplete.
In order to make up for this drawback and get a better picture of the subsurface geology, the same gravity and magnetic surveys were carried out in the Tatunshan area especially in the formerly forbidden area from March to October, 1989 , under the financial support of the Yangmingshan Administration and also with permission from the Chinese Air Force.
Here the authors present the inversion results of gravity data obtained from the 2257 stations which covered an area of 500 square kilometers. Since magnetic data have been used as an effective means of mapping the geological structure, especially in the· reconnaissance stage of exploration, the magnetic data were also c<;>llected from 500 stations in an area of 360 square kilometers. The survey had the following major objectives: to delineate the buried volcanic rocks and to define the major structural relief. The results of the study yield a significant increase in the understanding of the geologic structure of the area.
GEOLOGIC SETTING
The Tatun volcano group area is situated in the northern tip of Taiwan (see index map in Figure 1 ). In the surveyed area, Ta tunshan is 1081 m in elevation at its peak. According to Juang and Bellon (1984) , the main volcanic activity of the Tatun vol cano group shows an age ranging from the late Pliocene to the early or middle Pleistocene, and shows a general eruption series from old to young as follows: the lower lavas of the pyroxene-hornblende , hornblende-pyroxene. and pyroxene andesites ( Yen and Chen, 1953) .
The geologic map of the study area and its vincinity is shown in Figure 1 .
Fumaroles, hot springs and hydrothermal alteration zones are aligned in a narrow belt that extending from Hsinpeitou to Chinshan and which becomes geothermally active in this volcanic region.
GEOPHY SICAL SURVEYS

Gravity Survey
National Central University (NCU) conducted a gravity reconnaissance survey over the Tatun area during the years 1979 (Tzou and Yu, 1987 . About 3000 stations (2221 observing data were adopted in this study) were established covering an area of 500 square Juang and Bellon, 1984 ) .
501
kilometers. Unfonunately, the original surveyed area did not cover the most important part of Chutzushan region due to the regulations forbiddance imposed by military administration. Recently however, extended gravity and magnetic surveys were carried out in this area with the permission o f the General Headquarters of the Air Force. Thirty-six stations were established, and these were calibrated to the old values of gravity at bench marks labeled 1203 at Fengyutsun, Chinshan county, both the absolute value of this point at 978, 982.92 mgals. Worden gravity meters with scale constants of about 0.01 milligals were used throughout the survey. Figure 2 presents the gravity survey index map which shows the distribution of the 2257 stations. The numerical symbols shown in the edges of the map are 2" TM aerial photographic coordinates. Gravity stations were chosen at points that were readily recognizable on the topographic maps and were usually spaced 150 m to 300 m apart at convenient points along the main access roads. Elevation control of the stations was obtained by using an AGA geodimeter instead of the NIKO N NT-3A by Tzou and Yu (1987) . Gravity bases were reoccuppied about 
Magnetic Survey
A magnetic survey at the Tanshui region was done between August 1987 and July 1988, and the one in the region between Tatunshan and the west of Huangtsuishan was done one year later (August 1988 to July 1989) with a Scintrex MP2 proton magnetometer in addition to a MFD-4 flux-gate magnetometer. About 500 magnetic stations covering an area of about 360 square kilometers ( Figure 3 ) were established. Aerial photogrammetric maps at a 1 :5000 scale were used to controlling station positions.
DATA REDUCT ION
Gravity
Standard methods were employed to analyze the gravity data. Theoretical values of the studied points were first determined by using the "International Formula" of spheroidal gravity of 1930. Then, an elevation factor of 0.2076 milligals per meter was used to make the terrain correction. This factor, which corresponds to a density of 2.41 grams per cubic centimeter for this area, was determined by Tzou and Yu (1987) . It was generally applied to the distance between 0-20 m; however, Hammer's tables (1939) was applied to the distance in the range of 20-890 m based on the aerial photogrammetric map with a scale of 1 :5000, and for a distance beyond 890 m, the terrain correction was derived from multiquadric equations by using Lin's algorithm (1979 Figure 4 shows the contour of the Bouguer gravity anomaly map corrected for the given reference spheroid and the reduction density. The contour interval on the map is 4 mgal.
Magnetism
The magnetic data were studied by standard procedures described by Telford et al. (1977) . Corrections for instrument and the daily variation within 2-hour repeated readings are made at magnetic bases and intervening stations. Removing the earth's main field for each station is done by referring to the Gauss coefficients shown in the International Geomagnetic Reference Field table (IGRF) (IAGA, 1986).
DAT A PROCESSING AND INTERPRETATION
Gravity Qualitative Interpretation
In the Bouguer gravity map (Figure 4) , the most prominent gravity anomalies in the area are gravity highs (e.g., Hengshantsun, Chihsingshan, Tatunshan, Matengshan, and Chutzushan regions etc.) associated with the volcanic piles of the Tatun volcano group, which are slightly denser than the surrounding sedimentary rocks.
• Broad positive and negative regional anomalies are obtained by using second-order polynomial least-square fi tting techniques (Coons et al., 1967) . Such anomalies are related to structural and lithologic changes in the basement rocks and also to the thickness of the overlying volcanic rocks. This regional gravity anomaly ( Figure 5 ) probably extends into the Tatun volcano group area and gives rise to a westward decrease in anomaly values across the surveyed area. The gradient, however, does not appear to be signifi cant, at least in comparison with the amplitudes of the local anomalies in the northeast of Chinshan.
Residual gravity and second derivative methods (Rosenbach, 1953) have been used to isolate anomalies because they tend to magnify local events. The major gravity anomalies can be related to the geological features ( Figure 6 and Figure 7) . The gravity high centered on Hengshantsun and Yangmingshan outcrop by andesitic lavas. The associated geologi cal features are designated to the large andesitic pipes. The gravity high at Chihsingshan, Tatunshan, Matengshan and Chutzushan regions may be related to the volcanic necks. On the other hand, the gravity low located at Yukuangkengt' ou region is designated to associate with the sedimentary rocks. Deeper structures can be sensed by adopting a larger radius (Figure 7) . The high gravity anomalies at Hengshantsun, Chihsingshan, Tatunshan, Mateng shan and Chutzushan are still recognized in spite of the introduction of false anomalies with this method. The gravity profiles along AA', BB' and CC', shown in Figure 8 , have been constructed based on the residual gravity map (Figure 6 ).
Severe disturbances among the residual gravity profiles shown in Figures 9, 10 and 11 might suggest the existence of faults. The gravity anomaly at Yuantuntzu is negligible at a greater depth (Figure 7(a), (b), (c) ), but the possible presence of high density rocks at shallow depths may have caused this anomaly. On the other hand, the anomaly in the Yukuangkengt'ou region decreases with increasing depths (Figure 7(a), (b) , (c)) confi rming a possible buried channel with a depth less than 300 m as suggested by Tzou and Yu (1987) . Yang et al.
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2 Gravity Inversion
In order to decrease the influence of regional anomalies in obtaining a reasonable sub� surface structure, the residual gravity profiles AP:, BB'and CC' (Figures 9, 10, 11 ) are used to generate the density/depth model for each section, and the well known stochastic inversion technique (Franklin, 1970 ) is employed to calculate rock densities and set bounds between two rock units of different densities.
Basically, this method handles two-dimensional (2-0) problems with a single continuous interface along which density contrasts are found. The models are comprised of rectangular prisms extending infinitely in the direction perpendicular to the gravity cross-section. The initial models have dimensions of 80 km x 8 km. The constraints of dimension and density contrast for each rectangular prism are derived from the features of the residual gravity and geology. During iterations, the depths are fixed, while the densities are allowed to vary in order to obtain a better fit at the measuring positions between the measured and model data. The applied computer program written by Yeh and Yeh (1982) is based on a stochastic approach (Franklin, 1970) .
The results of the inversion are smoothed out by grouping the rectangular prisms which are considered the same rock units. They are presented in Figures 9, 10 and 11. This relates to the previous small magma channel now fi lled by the volcanics. The large volume of higher densities shown in Figures 9-11 can perhaps be interpreted as thick andesitic rocks in the area, and these zones are near the Chutzshan (position P), Chihsingshan (position Q) and Tatunshan regions. The density discontinuity shown in these fi gures might indicate the presence of a fault. This fault passes through the Chutzushan and Chihsingshan areas along the northeast direction and then passes the area between Chihsingshan and. Tatunshan. This is a thrust fault with a dip between 66 and 79 degrees. It could be the extension of the Chinshan fault (Figure 8 ) (Yang and Chen, 1989) . 
3 Magnetic Interpretation 509
The regional magnetic intensity anomaly for the total and vertical components can be fitted using the least square method with a five-order polynomial. Figures 14 and 15 show the residues of total and vertical magnetic intensity. The higher magnetic anomalies found at Tatunshan, Chutzushan and Hsikuanyinshan suggest the presence of intrusive rocks or a large volume of andesite underneath. A comparsion made between the gravity results and the magnetic results reveals both are quite similar; high magnetic anomalous zones such as the Tatunshan, Chutzushan, Hsikuanyinshan, Yangmingshan and Hengshantsun areas are also the high gravity zones except for the Chihsingshan area which has a low magnetic anomaly rather than a high one. This exception indicates that the andesitic rocks in this area contain less/fewer ferromagnesian minerals. The andesitic rocks in that area have been extensively hydrothermaly altered, and the ferromagnesian minerals in the rocks may have partially or completely been weathered out. Since the magnetic intensity in this area is comparable to that in other low intensity areas,· it may be assumed that the ferromagnesian minerals were completely leached out or transformed to other non-magnetic minerals. 
CONCLUSIONS
This paper models gravity and magnetic anomalies and provides the outcrop geology with a tectonic framework in the Tatun volcanic region. Attention is also drawn to gravity and magnetic anomalies which are probably not indicative of surface rock type. The major conclusions drawn from the present studies are as follows:
(1) The basement beneath the surveyed area dips gently to the northwest. (4) The Yukuangkengt'ou and Tansui regions may have a buried ancient channel.
(5) A local high magnetic zone in the Yangmingshan region may be related to the surface lava. However, the Chihsingshan region has a local high gravity zone but a low magnetic anomaly. It is designated to the presence of high density but low magnetic rock within the subsurface. This also .could be the result of hydrothermal alternation, i.e. the magnetic minerals in the rocks in the Chinsingshan region may have been removed or transformed to other non-magnetic minerals by thermal activity.
